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Description 

1. Field of the Invention: 



moon The present invention relates to a diaminonaphthalene derivative and to an electroluminescent material, par- 
Ey m SrSoTuminescent materia,, using the same, as well as to an organ* electroluminescent dev,ce 
(hereinafter abbreviated as an organic EL device). 



2. Related Art: 



W roooai inrecentvears organic EL devices have become of interest as candidates for flat displays of high brightness. 
r«ordancTwlth this 3 much research and development therefor has been activeiy performed. An organic EL 
1^ ht a sSure in which a iuminescence iayer is sandwiched by ^^^^jf ?£ZS£ 
and electrons injected from a cathode are united within the luminescence layer to thereby emrt light. High and low 

« S^S^M may both be used for fabrication of organic EL devices, and both have been proven to 

Son S to to£ a luminescence layer (C. W. Tang, Journal of the Applied Physics. 65. 3610, 1989), and the 
o^e employs a fluorescent dye per se to serve as the iuminescence layer (see, for exampie, Japanese Journal 

enow ng thL types. A first type is drawn to three-layered devices in which a luminescence layer is sandw.che i by a 
ho^nspo^aSSn layer and an electron-transportation layer, a second type is drawn to twojayered dev^es I nrtrt 
a hole-transportation layer and a luminescence layer are superposed one on the other; and a third lype is drawn to 
Lo- ayeTed devices in which an electron transportation layer and a luminescence layer are supposed one on the 
otirter T^ius, organic EL devices are known to have improved luminous efficacy when they have a two-or three-layered 

ST'ln the above-mentioned organic EL devices, the electron transportation layer contains an e^r* 
cZLd and has a function of transferring eiectrons injected from a cathode into the j"™nescence 
iniection laver and the hole-transportation layer both contain a hole-transfer compound and have a function of trans 
S2£Z an anode into theluminescence layer. When the hole-injection .ayer is interposed between 
E^jXZtomc*** layer, organic EL devtees having excellent luminous perfonmn^ |« e rea.be d 
because an increased number of holes can be injected into the luminescence layer at a lower electnc field, and in 
aSn eTectro^ected from the cathode or electron-injection layer can be confined within the luminescence layer, 

ance n oractical application. One major reason for this may be attributed to lack of durab.l.ty of the material of the 
devfces 'Sctla^ Ttnanspo Jon material. It has been accepted that if an irregular portion such as a grain 
prundaryexisteintLorganic^ 
40 fead to ^So and breakage of the device. Therefore, the organic layer is usually used in rts amorphous s at* 
Moreover s nee an omanic EL device is a current-injection-type device, if the material used has a low glass transition 
poinTnSt ^e^Tring use causes degradation of the organic EL devfce. From this viewpoint, materials having 

^TunTTe, r^SLrmS used for conventional devices have Incident hole transport. 

45 bilitv and therefore the luminous efficacy of the devices has not been satisfactory in practice. 

raoom A variety of materials centering on triphenylamine derivatives have been known as hole-transportation ma- 
terials used for such organic EL devices, yet very few materials are suitable for practical use 
r00091 For example mere has been known N,N'-diphenyl-N,N--di(3-methylphenyl)-4. 4 '-diaminobipheny (hereafter 
Sated i SHApplled Physics Letter, Vol. 57, No. 6, page 531 , 1 990). This compound is thermal* unstable, 

50 tSTSlSm^^^ of the resultant device. Many other triphenylamine derivatives are disclosed in 
Z example U S Patent Nos 5047687, 4047948, and 4536457; Japanese Patent Publication (kokokd) No. 6-32307; 

«f th aeo trinhonviamine derivatives are satisfactory in terms of their characteristics. 

S SETS LeTeSves disdosed ^Japanese Patent Application Laid-Open (fcfeft No . 4-30^88 or 
55 e 1972 or "Advanced Material" Vol. 6, page 677 (1994) do not meet essential requirements for organic EL devices in 
e Z^oTL^ andtongservW life; and nettherdo ^^^^^f^^^Z 
STAppii'caL Laid-open (i Nos. 7-126226, 7-126615, 7-331 238 ^ 7-97355, 8-48656. and 8-100172. and 
"Journal of the Chemical Society Chemical Communication" page 2175 (1996). 
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[0011] Japanese Patent Application Laid-Open (kokai) No. 9-194441 discloses examples in which naphthylamine 
derivatives are used, and these derivatives are described as having improved characteristics as compared with TPD. 
However, these derivatives require improvements regarding hole transportability and heat resistance. 
[0012] As described above, hole-transportation materials used in conventional organic EL devices still require im- 
5 proved performance, and thus there is need for an excellent material that can enhance the luminous efficacy and 
service life of organic EL devices. 

[0013] In most cases, emission of light from organic EL devices is obtained from a luminescence layer or an electron- 
transportation layer which is provided independently of an electron-transportation layer; in very few cases is emission 
of light obtained from a hole-transportation layer. The reason for this may be partially attributed to the compatibility 
10 with the co-used electron-transportation layer; but it is also considered that the color and intensity of the luminescent 
light from the hole-transportation layer itself may be a critical factor. If luminescent light can be procured from a hole- 
transportation layer, such a technique would add value in practice. However, there are known only a few materials 
which serve such a purpose, and in many cases, materials which serve this purpose emit light having a long wavelength 
and have a disadvantage in that luminescent light having a short wavelength cannot be obtained. 

15 

SUMMARY OF THE INVENTION 

[0014] In view of the foregoing, the Inventors of the present invention have conducted extensive studies in an attempt 
to solve the aforementioned problems involved in conventional organic EL devices, and have found that when a specific 
20 type of diaminonaphthalene derivative is used, organic EL devices having a high luminous efficacy and a longer service 
life can be obtained, leading to completion of the present invention. 

[001 5] Accordingly, an object of the present invention is to provide an organic EL device having high luminous efficacy 
and a prolonged service life. 

[001 6] Another object of the present invention is to provide a novel compound which is used f orthe organic EL device. 
25 [0017] A further object of the present invention is to provide a hole-transportation material which is used for the 
organic EL device. 

[0018] A still further object of the present invention is to provide a novel organic electroluminescent material used 
for the device. 

[0019] In a first aspect of the present invention, there is provided a diaminonaphthalene derivative of formula (1 ): 

30 



35 



40 



45 




50 

wherein R 21 to R^ independently and individually represent a hydrogen atom, a halogen atom, a C1 -C6 alkyl group, 
a C1-C6 alkoxy group, a substituted or unsubstituted amino group, a substituted or unsubstituted aryl group, or a 
substituted or unsubstituted heterocyclic group, the substituted or unsubstituted aryl group or the substituted or un- 
substituted heterocyclic group may be condensed with the corresponding benzene ring at an arbitrary position of the 
55 benzene ring; and each of X and Y represents a hydrogen atom or a substituted amino group, wherein at least one of 
the X or Y represents a substituted amino group. 

[0020] In the diaminonaphthalene derivative of formula (1) of the present invention, X and Y may respectively be 
substituted by a hydrogen atom located at any position of the naphthalene ring. 
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[0021] In a second aspect of the present invention, there is provided a diaminonaphthalene derivative of formula (2): 



10 
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C2) 



wherein R 1 to independently and individually represent a hydrogen atom, a halogen atom, a C1-C6 alkyl group, a 
C1-C6 alkoxy group, a substituted or unsubstituted amino group, a substituted or unsubstituted aryl group, or a sub- 
stituted or unsubstituted heterocyclic group, the substituted or unsubstituted aryl group or the substituted or unsubsti- 
tuted heterocyclic group may be condensed with the corresponding benzene ring at an arbitrary position of the benzene 

[0022] In a third aspect of the present invention, there is provided an organic electroluminescent device making use 
of the diaminonaphthalene derivative of the above-described formula (1). 

[0023] In a fourth aspect of the present Invention, there is provided an organic electroluminescent device comprising 
a hole-transportation layer, wherein the hole-transportation layer contains the diaminonaphthalene derivative of the 
above-described formula (1 ). 

[0024] In a fifth aspect of the present invention, there is provided an organic electroluminescent device comprising 
a luminescence layer, wherein the luminescence layer contains the diaminonaphthalene derivative of the above-de- 
scribed formula (1). 

[0025] In a sixth aspect of the present invention, there is provided an organic electroluminescent device comprising 
a hole-injection layer, wherein the hole-injection layer contains the diaminonaphthalene derivative of the above-de- 
scribed formula (1). 

[0026] In a seventh aspect of the present invention, there is provided an organic electroluminescent matenal formed 
of the diaminonaphthalene derivative of the above-described formula (1). 

[0027] In an eighth aspect of the present invention, there is provided a hole-transportation material formed of the 
diaminonaphthalene derivative of the above-described formula (1). 

[0028] As described above, according to the present invention, due to the use of a specific diaminonaphthalene 
derivative, there can be provided organic EL devices having high luminous efficacy and a long service life, novel elec- 
troluminescent materials, hole-transportation materials, and organic electroluminescent materials. 
[0029] In other words, through use of a diaminonaphthalene derivative as an organic layer, the EL devices of the 
present invention easily attain high luminous efficacy and prolonged service life. In addition, full-colored displays are 
realized with ease. Accordingly, use of an organic EL device of the present invention enables to fabricate display 
apparatus of high luminous efficacy, such as full-colored displays. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

[0030] The present invention will next be described in detail. 

[0031] Specific examples of the diaminonaphthalene derivatives of formula (1) include those represented by the 
following formulas (3) through (15): 
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[0032] Of the compounds represented by formulas (3) through (15), those represented by formulas (3) through (13) 
are examples of the diaminonaphthalene derivatives of formula (2). 

[0033] These diaminonaphthalene derivatives may be synthesized through a known synthesis method; for example, 
the methods described in Synthesis Examples of the present specification. 

[0034] The diaminonaphthalene derivatives of the present invention are suitable for use as luminescent materials 
because of their self-fluorescence emission, which is induced by introduction of a phenylnaphthyiene group. In partic- 
ular, since the diaminonaphthalene derivatives of the present invention glow blue, they provide organic EL devices 
emitting light of different colors by incorporation of another luminescent material such as a blue, green, or red lumi- 
nescent material. 

[0035] In general, a compound used in an organic layer that constitutes an organic EL device preferably forms no 
excited complex with a compound used in another layer. The diaminonaphthalene derivatives according to the present 
invention have an advantage that they do not easily form an excited complex with another compound. This is considered 
to be due to introduction of a phenylnaphthyiene group. 

[0036] The organic EL devices of the present invention are endowed not only with high luminous efficacy but also 
with excellent durability during storage and in use. This is because the diaminonaphthalene derivatives used in the 
present invention have a high Tg point. 

[0037] The diaminonaphthalene derivatives of formula (1 ) function as both a hole-transportation material and a hole- 
injection material. 

[0038] The organic EL device of the present invention may be realized in a variety of modes. Basically, the device 
has a structure wherein an organic layer containing the above-described diaminonaphthalene derivative is sandwiched 
by a pair of electrodes (anode and cathode), and, optionally, a hole-injection material, a hole-transportation material, 
a luminescent material, an electron -injection material, or an electron-transportation material may be incorporated into 
the above-described diaminonaphthalene derivative layer. When the diaminonaphthalene derivative layer serves as a 
luminescence layer, another luminescent material may be incorporated thereto, to thereby emit light having a different 
wavelength or to obtain enhanced luminous efficacy. 

[0039] Alternatively, a hole- injection material, a hole-transportation material, a luminescent material, an electron- 
injection material, or an electron -transportation material may be formed into a layer and laminated on the diaminon- 
aphthalene derivative layer. 

[0040] Specific structural examples include lamination structures such as (1 ) anode/diaminonaphthalene derivative 
layer/cathode; (2) anode/diaminonaphthalene derivative layer/luminescence layer/cathode; (3) anode/diaminonaph- 
thalene derivative layer/luminescence layer/electron-injection layer/cathode; (4) a node/hole- injection layer/diaminon- 
aphthalene derivative layer/luminescence layer/electron-injection layer/cathode; (5) anode/diaminonaphthalene deriv- 
ative layer/hole-transportation layer/luminescence layer/electron-injection layer/cathode; and (6) anode/hole-injection 
layer/diaminonaphthalene derivative layer/electron-injection layer/cathode. 

[0041] In the above cases, a hole-injection layer and an electron-injection layer are not always necessary; however, 
incorporation thereof enhances luminous efficacy of the EL device. 

[0042] The organic EL device of the present invention, having whichever of the structures listed above, is preferably 
supported by a substrate. No particular limitation is imposed on the substrate, and glass, transparent plastic film, etc. 
may be used insofar as the material of the substrate has sufficient mechanical strength, thermal stability, and trans- 
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parency 

[0043] With regard to the anode materials of the organic EL device of the present invention, there may be used a 
metal an alloy an electrically conductive compound, or a mixture thereof having a work function of more than 4 eV. 
Examples include metals such as Au; and conductive transparent materials such as Cul, indium tin oxide (hereinafter 
abbreviated as ITO), Sn0 2 , or ZnO. 

[0044] With regard to the cathode materials, there may be used a metal, an alloy, an electrically conductive com- 
pound or a mixture thereof having a work function of less than 4 eV. Examples include calcium, magnesium, lithium, 
aluminum, magnesium alloys, lithium alloys, aluminum alloys, and other alloys such as aluminum/lithium, magnesium/ 
sliver, or magnesium/indium. 

[00451 In orderto output the luminescence of an organic EL device at a high luminous efficacy, at least one electrode 
preferably has an optical transparency of 10% or more. The sheet resistance of the electrodes is preferably some 
hundreds of Q/mm or less. The thickness of the electrodes, which depends on the electrode materials, is typically 
determined within the range of 10 nm-1 urn, preferably 10-400 nm. Such electrodes may be produced by forming a 
thin film through vapor deposition or sputtering and by use of the above-described electrode matenals. 
[0046] The above-described hole-injection material, hole-transportation material, luminescent material, electron in- 
jection material, or electron-transportation material may be formed into a hole-injection layer, hole-transportation layer, 
luminescence layer, electron injection layer, or electron-transportation layer, and these layers may be superposed on 
a layer containing the diaminonaphthalene derivative. 

[0047] In the organic EL device of the present invention, the materials used as the hole-injection material, hole- 
transportation material, luminescent material, electron-injection material, etc. preferably have a Tg of 80°C or more, 
more preferably 100°C or more. , u *u . 

[0048] With regard to a hole-injection material and hole-transportation material, in addition to the diaminonaphthalene 
derivatives that are used in the organic EL device of the present invention, there may be used an arbitrary material 
selected from materials which have conventionally been used as charge-transportation materials for holes among 
photoconductive materials and from known materials which are used in a hole-injection layer or a hole-transportation 
layer of an organic EL device. 

[0049] Examples include carbazole derivatives (e.g.. N-phenylcarbazole and polyvinylcarbazole); tnarylamine de- 
rivatives (e g TPD polymers having an aromatictertiary amine in amain orsidechain, 1 ,1-bis(4-di-p-tolylaminophenyl) 
cyclohexane' N.N'-diphenyl-N.N'-dinaphthyl^'-diaminobiphenyl, 4,4\4"-tris(N-(3-methylphenyl)-N-phenylam.no} 
triphenylamine, compounds described in "Journal of the Chemical Society Chemical Communication" page 2175 
(1996) compounds described in Japanese Patent Application Laid-Open (kokw) Nos. 57-144558, 61-62038, 
61 -124949, 61 -134354, 61-134355, 61-112164, 4-308688, 6-312979, 6-267658, 7-90256, 7-97355, 6-1972, 7-126226, 
7-1 2661 5 7-331 238 8-1 001 72, and 8^8656, and star-burst amine derivatives described in "Advanced Materials" Vol. 
6 page 677 (1994))! stilbene derivatives (e.g., a compound described in Proceedings (II) of the 72th annual spring 
convention of The Chemical Society of Japan); phthalocyanine derivatives (e.g., metal-free phthalocyanine, copper 
phthalocyanine); and polysilane. 

[0050] Each of a hole-injection layer and a hole-transportation layer of the organic EL device of the present invention 
may be formed of a single layer containing one or more species of the above-described compounds, or may comprise 
a plurality of layers laminated one on another, wherein the layers contain different species of compounds. 
[0051] No particular limitation is imposed on the electron-injection material and the electron-transportation material 
that are used in the organic EL device of the present invention, and there may be used an arbitrary material selected 
from materials which have conventionally been used as electron-transportation materials among photoconductive ma- 
terials and from known materials which are used in an electron-injection layer and an electron-transportation layer of 

organic EL devices. , , .. . , _ _ 

[0052] Examples of such electron-transfer compounds Include diphenylquinone derivatives (e.g., descnbed in Den- 
shi-Shashin Gakkai-shi, 30, 3 (1991)); perylene derivatives (e.g., described in J. Apply. Phys., 27, 296 (1988)); oxadi- 
azole derivatives (e.g., described in the above-described literature, Jpn. J. Appl. Phys., 27, L713 (1988), or Appl. Phys. 
Lett 55 1489 (1989)); thiophene derivatives (e.g., described in Japanese Patent Application (kokai) No. 4-212286); 
triazole derivatives (e.g., described in Jpn. J. Appl. Phys., 32, L917 (1993)); thiadiazole derivatives (e.g., descnbed in 
the 43th Proceedings of The Society of Polymer Science, Japan, (III) Pla007)); metal complexes of an oxine derivative 
(the technical research report of DenshiJyoho Tsushin Gakkal, 92(31 1 ), 43 (1 992)); polymers of a quinoxaline derivative 
(e.g., described in Jpn. J. Appl. Phys., 33, L250 (1994)); and phenanthroline derivatives (e.g., described in the 43th 
Proceedings of Kobunshi Toronkai, 14J07). 

[0053] With regard to other luminescent material used in the organic EL device of the present invention other than 
the diaminonaphthalene derivative, there may be used known luminescent materials, such as daylight fluorescent 
materials fluorescent brighteners, laser dyes, organic scintillators, and reagents for fluorescent analysis, as described 
in "HikariKinou Zairycf in Kobunshi Kinou Zairyo series, published by Kyoritsu Shuppan (1 991 ), P236, edited by The 
Society of Polymer Science, Japan. 
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[0054] Specifically, preferable examples of the luminescent material include polycondensed ring compounds such 
"as anthracene, phenanthrene, pyrene, chrysene, perylene, coronene, rubrene, and quinacridone; oligophenylene com- 
pounds such as quaterphenyl; scintillators for liquid scintillation such as 1 ,4-bis(2-methylstyryl)benzene, 1,4-bis 
(4-methylstyryl)benzene, 1,4-bis(4-methyl-5-phenyl-2-oxazolyl)benzene, 1,4-bis(5-pheny!-2-oxazolyl)benzene, 

5 2,5-bis(5-tert-butyl-2-benzoxazolyl)thiophene, 1 ,4-diphenyl-1 ,3-butadiene, 1 ,6-diphenyl-1 ,3,5-hexatriene, or 
1 ,1 ,4,4-tetraphenyM ,3-butadiene, a metal complex of an oxine derivative described in Japanese Patent Application 
(kokai) No. 63-264692; coumarin dyes; dicyanomethylenepyran dyes; dicyanomethylenethiopyran dyes; polymethine 
dyes; oxobenzanthracene dyes; xanthene dyes; carbostyryl dyes; perylene dyes; an oxazine compound described in 
German Patent No. 2534713; a stilbene derivative described in the Proceedings of the 40th Joint Lecture of Applied 

10 Physics, 1146 (1993); a spiro compound described in Japanese Patent Application (kookai) No. 7-278537; and an 
oxadiazole compound described in Japanese Patent Application (kokai) No. 4-393891 . 

[0055] Respective layers which constitute the organic EL device of the present invention may be produced by forming 
a thin film through a known method such as vapor-deposition, spin-coating or casting and by use of materials for 
respective layers. 

is [0056] No particular limitation is imposed on the film thickness of the thus-obtained respective layers, and it may be 
selected in accordance with characteristics of the material. It is typically determined within the range of 2 nm-5000 nm. 
[0057] In order to form thin film of a diaminonaphthalene derivative, a vapor deposition method is preferably em- 
ployed, in consideration that homogeneous film is easily produced and pinholes are difficult to generate. When thin 
film formation is preformed through a vapor deposition method, the desirable vapor deposition conditions are typically 

20 determined within the following ranges: boat heating temperature of 50-400°C, degree of vacuum of 10 _6 -10" 3 Pa, 
vapor deposition rate of 0.01-50 nm/sec, substrate temperature from -150 to +300°C, and film thickness of 5 nm - 5 
u.m, in accordance with species of diaminonaphthalene derivatives and crystal structure and association structure of 
target molecular accumulated films. 

[0058] A method for producing an organic EL device using the diaminonaphthalene derivative of the present invention 
25 will next be described with reference to the case of an organic EL device formed of the above-described anode/diami- 
nonaphthalene layer/cathode as an example. The target organic EL device is obtained through a method comprising 
the steps of fabricating an anode by forming a thin film comprising an anode material having a thickness of 1 u,m or 
less, preferably 10-200 nm, on an appropriate substrate through vapor deposition; coating the anode with a thin film 
of diaminonaphthalene derivative, to thereby produce a luminescence layer; and coating the luminescence layer with 
30 a thin film comprising a cathode material so as to attain a film thickness of 1 jam or less, to thereby produce a cathode. 
[0059] Alternatively, the above-described method may be performed in a reverse manner, i.e., successively forming 
a cathode, a luminescent layer, and an anode, in this sequence. 

[0060] DC voltage is applied to the thus-obtained organic EL device, with polarity of the anode being positive (+) and 
the cathode negative (-). When the application voltage is 2-40 V, luminescence is observed through a transparent or 
35 opaque electrode (either anode or cathode, or both electrodes). 

[0061] The organic EL device also generates luminescence when an AC voltage is applied thereto. In this case, the 
applied AC may have an arbitrary waveform. 

EXAMPLES 

40 

[0062] The present invention will next be described by way of example. 

Method for Measuring Glass Transition Point 

45 [0063] Glass transition point (Tg) was measured by the following method. Briefly, a melted sample was quenched 
to vitrify. Subsequently, the sample's temperature was elevated at a rate of 40°C/minute, and Tg was measured by a 
differential scanning calorimeter (DSC). 

Synthesis Example 1 

50 

Synthesis of N,N'-bis(4-diphenylamino-1-naphthyl)-N,N , -diphenyl-4,4 , -benzidine (hereinafter abbreviated as 
"DPBNDAB"; a compound of formula (3)): 

[0064] N,N-diphenyl-(4-bromo-1-naphthyl)amine (1.91 g), diphenylbenzidine (0.86 g), 18-crown-6 (0.07 g), copper 
55 (0.48 g), potassium carbonate (1 .41 g), and quinoline (8 ml) were charged in a flask and the contents were heated at 
200°C for 94 hours under nitrogen. After the flask was allowed to cool, the solid matter was removed by filtration, and 
quinoline was distilled off under reduced pressure. The residue was purified by silica gel column chromatography 
(heptane/ethyl acetate = 3/1), to thereby obtain the target compound (0.4 g). The fluorescent color of the compound 
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in toluene was bluish purple, and Tg of the compound was 157°C. 

1H-NMR(CDCI 3 )5 = 6.9-7.0 (m, 6H), 7.0-7.1 (m, 16H), 7.2-7.3 (m, 12H), 7.3-7.4 (m, 8H), 7.41 (d, 4H), 8.0 (m, 4H). 
Synthesis Example 2 

Synthesis of N,N'-bis{4-N"-(3-methylphenyl)-N ,, -phenylamino-1-naphthyl}-N l N , -diphenyl-4 ) 4 , -benzidine (a compound 
of formula (4)): 

[0065] The procedure of Synthesis Example 1 was repeated except that N-phenyl-N-(3-methylphenyl)-(4-bromo- 
1-naphthyl)amine was used instead of N,N-diphenyK4-bromo-1-naphthyl)amine. 

Synthesis Example 3 

Synthesis of N,N , -bis(4-diphenylamino-1-naphthyl)-N,N , -bis(3-methylphenyl)-4 > 4'-benzidine (a compound of formula 
(9)): 

[0066] The procedure of Synthesis Example 1 was repeated except that N,N'-bis(3-methylphenyl)benzidine was 
used instead of diphenylbenzidine. 

Synthesis Example 4 

Synthesis of N.N'-bisCS-diphenylamino-l-naphthyO-N.N'-diphenyW^'-benzidine (a compound of formula (14)): 

[0067] The procedure of Synthesis Example 1 was repeated except that N,N-diphenyl-(5-bromo-1 -naphthyl)amine 
was used instead of N,N-diphenyl-(4-bromo-1-naphthyl)amine. 

1H-NMR(CDCI 3 )5 = 6.9-7.0 (m, 6H), 7.0-7.1 (m, 16H), 7.2-7.4 (m, 20H), 7.41 (m, 4H), 7.91 (m, 4H). 
Synthesis Example 5 

Synthesis of N^I-naphthyO-N'^-diphenylamino-l-naphthylJ-N.N'-diphenyW^'-benzidine (a compound of formula 
(15)): 

[0068] The procedure of Synthesis Example 1 was repeated except that N,N'-diphenyl-N-(1-naphthyl)benzidine was 
used instead of diphenylbenzidine. Tg of the compound was 135°C. 

1H-NMR(CDCI 3 )8= 6.9-7.0 (m, 4H), 7.0-7.1 (m, 12H), 7.1-7.3 (m, 8H), 7.3-7.5 (m, 12H), 7.78 (d, 1H), 7.89 (d, 1H), 
7.97 (d, 1H),8.0 (m,2H). 

Example 1 

[0069] ITO was vapor-deposited to a thickness of 50 nm on a glass substrate (25 mm x 75 mm x 1 .1 mm) (produced 
by Tokyo Sanyoshinku K.K.), and the resultant glass was used as a transparent support substrate. The support sub- 
strate was fixed upon a substrate holder of a commercially available deposition apparatus (produced by Shinkukiko 
K.K.). A quartz crucible containing DPBNDAB synthesized in Synthesis Example 1 , a quartz crucible containing 1 -allyl- 
1 ,2,3,4,5-pentaphenylsilacyclopentadiene (APS), a graphite crucible containing magnesium, and a graphite crucible 
containing silver were mounted on the apparatus. 

[0070] The internal pressure of the vacuum vessel was reduced to 1 x 1 0" 3 Pa. The crucible containing DPBNDAB 
was heated for vapor deposition to form a hole-transportation layer on the support substrate, so as to attain a DPBNDAB 
film thickness of 50 nm. Then, the crucible containing APS was heated for vapor deposition of APS thereon to form a 
luminescence layer having a DPBNDAB film thickness of 50 nm. The vapor deposition rates were 0.1-0.2 nm/sec. 
[0071] Subsequently, the internal pressure of the vacuum vessel was reduced to 2 x 10* 4 Pa. The graphite crucible 
containing magnesium was heated for vapor deposition of magnesium at a deposition rate of 1.2-2.4 nm/sec, and 
simultaneously, silver was vapor-deposited at a rate of 0.1-0.2 nm/sec. Thereafter, an Mg-Ag alloy electrode (200 nm) 
was formed on the thus-formed organic layer, to thereby obtain an organic EL device. 

[0072] When a DC voltage of 6.5 V was applied between the ITO electrode serving as a positive electrode and the 
Mg-Ag alloy electrode serving as a negative electrode, a current of about 20 mA/cm 2 flowed and green light having a 
luminance of about 200 cd/m 2 and a wavelength of 503 nm emitted. 

[0073] When a DC voltage of 6.5 V was continually applied at 80°C, emission of light continued even after one hour. 
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Example 2 

[0074] The procedure of Example 1 was repeated except that tris(8-hydroxyquinoline)aluminum (ALQ) was used 
instead of APS, to thereby obtain an organic EL device. 
5 [0075] When a DC voltage of 5 V was applied between the ITO electrode serving as a positive electrode and the 
Mg-Ag alloy electrode serving as a negative electrode, a current of about 8 mA/cm 2 flowed and green light emitted. 

Example 3 

w [0076] In a manner similar to that described in Example 1 , a transparent support substrate was fixed upon asubstrate 
holder of a deposition apparatus. A quartz crucible containing DPBN DAB synthesized in Synthesis Example 1 , a quartz 
crucible containing TPD, a quartz crucible containing ALQ, a graphite crucible containing magnesium, and a graphite 
crucible containing silver were mounted on the apparatus. 

[0077] The internal pressure of the vacuum vessel was reduced to 1 x 1 0* 3 Pa. The crucible containing DPBN DAB 
is was heated for vapor deposition to form a hole-injection layer on the support substrate, so as to attain a DPBNDAB 
film thickness of 1 0 nm. Then, the crucible containing TPD was heated for vapor deposition of TPD thereon to form a 
hole-transportation later having a thickness of 40 nm. Thereafter, the crucible containing ALQ was heated for vapor 
deposition of ALQ thereon to form a luminescence layer having a thickness of 50 nm. The vapor deposition rates were 
0.1-0.2 nm/sec. 

20 [0078] Subsequently, the internal pressure of the vacuum vessel was reduced to 2 x 1 0 -4 Pa. The graphite crucible 
containing magnesium was heated for vapor deposition of magnesium at a deposition rate of 1 .2-2.4 nm/sec, and 
simultaneously, silver was vapor-deposited at a rate of 0.1-0.2 nm/sec. Thereafter, an Mg-Ag alloy electrode (200 nm) 
was formed on the thus-formed organic layer, to thereby obtain an organic EL device. 

[0079] When a DC voltage of 5 V was applied between the ITO electrode serving as a positive electrode and the 
25 Mg-Ag alloy electrode serving as a negative electrode, a current of about 5 mA/cm 2 flowed and green light having a 
luminance of about 150 cd/m 2 emitted. 

Example 4 

30 [0080] in a manner similar to that described in Example 1 , a transparent support substrate was fixed upon a substrate 
holder of a deposition apparatus. A quartz crucible containing DPBN DAB synthesized in Synthesis Example 1 , a quartz 
crucible containing TPD, a quartz crucible containing 9,9'-spirobisilafluorene, a graphite crucible containing magnesi- 
um, and a graphite crucible containing silver were mounted on the apparatus. 

[0081] The internal pressure of the vacuum vessel was reduced to 1 x 10 >3 Pa. The crucible containing TPD was 
35 heated for vapor deposition to form a hole-transportation layer on the support substrate, so as to attain a TPD film 
thickness of 5 nm. Then, the crucible containing DPBNDAB was heated for vapor deposition of DPBNDAB thereon to 
form a luminescence layer having a thickness of 20 nm. Thereafter, the crucible containing g.^-spirobisilafluorene was 
heated for vapor deposition of 9,9'-spirobisilafluorene thereon to form an electron-transportation layer having a thick- 
ness of 50 nm. The vapor deposition rates were 0.1-0.2 nm/sec. 
40 [0082] Subsequently, the internal pressure of the vacuum vessel was reduced to 2 x 1 0 -4 Pa. The graphite crucible 
containing magnesium was heated for vapor deposition of magnesium at a deposition rate of 1 .2-2.4 nm/sec, and 
simultaneously, silver was vapor-deposited at a rate of 0.1-0.2 nm/sec. Thereafter, an Mg-Ag alloy electrode (200 nm) 
was formed on the thus-formed organic layer, to thereby obtain an organic EL device. 

[0083] When a DC voltage of 5 V was applied between the ITO electrode serving as a positive electrode and the 
45 Mg-Ag alloy electrode serving as a negative electrode, a current of about 5 mA/cm 2 flowed and blue light emitted from 
the DPBNDAB. 

Example 5 

so [0084] In a manner similar to that described in Example 1 , a transparent support substrate was fixed upon a substrate 
holder of a deposition apparatus. A quartz crucible containing DPBNDAB synthesized in Synthesis Example 1 , a quartz 
crucible containing 4,4 , ,4"-tris{N-(3-methylphenyl)-N-phenylamino}triphenylamine, a quartz crucible containing 2,5-bis 
{5-(2-benzo[b]thienyl)thienyl}-1 ,1 ,3,4-tetraphenylsilacyclopentadiene, a graphite crucible containing magnesium, and 
a graphite crucible containing silver were mounted on the apparatus. 

55 [0085] The internal pressure of the vacuum vessel was reduced to 1 x 10 -3 Pa. The crucible containing 4,4' p 4"-tris 
{N-(3-methylphenyl)-N-phenylamino}triphenylaminewas heated for vapor deposition of 4,4', 4"-tris{N-(3-methylphenyl) 
-N-phenylamino}triphenylamine to form a hole-transportation layer of 4 ( 4 , ,4"-tris{N-(3-methylphenyl)-N-phenylamino} 
triphenylamine on the support substrate. Then, the crucible containing DPBNDAB was heated for vapor deposition of 
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DPBNDAB thereon to form a luminescence layer having a thickness of 20 nm. Thereafter, the crucible containing 
2,5-bis{5-(2-benzo[b]thienyl)thienyl)-1 ,1 ,3,4-tetraphenylsilacyclopentadiene was heated for vapor deposition of 2,5-bis 
{5-(2-benzo[b]thienyl)thienyl}- 1 ,1 ,3,4-tetraphenylsilacyclopentadiene thereon to form an electron-transportation layer 
having a thickness of 50 nm. The vapor deposition rates were 0.1 -0.2 nm/sec. 
5 [0086] Subsequently, the internal pressure of the vacuum vessel was reduced to 2 x 1 0- 4 Pa. The graphite crucible 
containing magnesium was heated for vapor deposition of magnesium at a deposition rate of 1 .2-2.4 nm/sec, and 
simultaneously, silver was vapor-deposited at a rate of 0.1-0.2 nm/sec. Thereafter, an Mg-Ag alloy electrode (200 nm) 
was formed on the thus-formed organic layer, to thereby obtain an organic EL device. 

[0087] When a DC voltage of 1 0 V was applied between the ITO electrode serving as a positive electrode and the 
10 Mg-Ag alloy electrode serving as a negative electrode, a current of about 1 00 mA/cm 2 flowed and red light emitted. 

Example 6 

[0088] The procedure of Example 1 was repeated except that bis[N l N'-{4-N ,, -(3-methylphenyl)-N ,, -phenylamino- 
is l-naphthylJ-N.N'-diphenylM^'-benzidine synthesized in Synthesis Example 2 was used instead of DPBNDAB, to 
thereby obtain an organic EL device. 

[0089] When a DC voltage of 6 V was applied between the ITO electrode serving as a positive electrode and the 
Mg-Ag alloy electrode serving as a negative electrode, a current of about 15 mA/cm 2 flowed and green light was 
obtained. 

20 

Example 7 

[0090] The procedure of Example 1 was repeated except that bis{N p N'-(4-diphenylamino-1-naphthyl}-N,N , -bis 
(3-methylphenyl)}-4,4'-benzidine was used instead of DPBNADB, to thereby obtain an organic EL device. 
25 [0091] When a DC voltage of 6.5 V was applied between the ITO electrode serving as a positive electrode and the 
Mg-Ag alloy electrode serving as a negative electrode, a current of about 22 mA/cm 2 flowed and green light emitted. 

Example 8 

30 [0092] The procedure of Example 2 was repeated except that bis[N,N , -{5-N ,, ,N H -diphenylamino-1-naphthyl}-N I N'- 
diphenyl]-4,4'-benzidine was used instead of DPBNDAB, to thereby obtain an organic EL device. 
[0093] When a DC voltage of 5.5 V was applied between the ITO electrode serving as a positive electrode and the 
Mg-Ag alloy electrode serving as a negative electrode, a current of about 8 mA/cm 2 flowed and green light was obtained. 

35 Example 9 

[0094] The procedure of Example 2 was repeated except that [N-(1 -naphthyl)-N44-N ,, ,N"-diphenylamino-1 -naphthyl} 
-N,N'-diphenyl]-4,4'-benzidine was used instead of DPBNDAB, to thereby obtain an organic EL device. 
[0095] When a DC voltage of 3.9 V was applied between the ITO electrode serving as a positive electrode and the 
40 Mg-Ag alloy electrode serving as a negative electrode, a current of about 5 mA/cm 2 flowed and green light was obtained. 

Comparative Example 

[0096] The procedure of Example 1 was repeated except that TPD was used instead of DPBNDAB, to thereby obtain 
45 an organic EL device. 

[0097] When a DC voltage of 7.5 V was applied between the ITO electrode serving as a positive electrode and the 
Mg-Ag alloy electrode serving as a negative electrode, a current of about 20 mA/cm 2 flowed and green light of 200 cd/ 
m 2 emitted. The wavelength of the light was 503 nm. 

[0098] However, emission of light ended after several seconds of application of a DC voltage at 80°C. 



Claims 

1. A diaminonaphthalene derivative of formula (1): 

55 
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wherein R 21 to R^ independently and individually represent a hydrogen atom, a halogen atom, a C1-C6 alkyl 
group, a C1 -C6 alkoxy group, a substituted or unsubstituted amino group, a substituted or unsubstituted aryl group, 
or a substituted or unsubstituted heterocyclic group, the substituted or unsubstituted aryl group or the substituted 
or unsubstituted heterocyclic group may be condensed with the corresponding benzene ring at an arbitrary position 
of the benzene ring; and each of X and Y represents a hydrogen atom or a substituted amino group, wherein at 
least one of the X or Y represents a substituted amino group. 

A diaminonaphthalene derivative of formula (2): 




wherein R 1 to R^ independently and individually represent a hydrogen atom, a halogen atom, a C1 -C6 alkyl group, 
a C1 -C6 alkoxy group, a substituted or unsubstituted amino group, a substituted or unsubstituted aryl group, or a 
substituted or unsubstituted heterocyclic group, the substituted or unsubstituted aryl group or the substituted or 
unsubstituted heterocyclic group may be condensed with the corresponding benzene ring at an arbitrary position 
of the benzene ring. 

An organic electroluminescent device comprising the diaminonaphthalene derivative as described in Claim 1 . 
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4. An organic electroluminescent device comprising a hole-transportation layer, wherein the hole-transportation layer 
contains the diaminonaphthalene derivative as described in Claim 1 . 

5. An organic electroluminescent device comprising a luminescence layer, wherein the luminescence layer contains 
5 the diaminonaphthalene derivative as described in Claim 1 . 

6. An organic electroluminescent device comprising a hole-injection layer, wherein the hole- injection layer contains 
the diaminonaphthalene derivative as described in Claim 1 . 

10 7. An organic electroluminescent material formed of the diaminonaphthalene derivative as described in claim 1 . 

8. A hole-transportation material formed of the diaminonaphthalene derivative as described in claim 1 . 

15 Patentanspriiche 

1 . Diaminonaphthalen-Derivat mit der Formel (1 ): 



20 



25 



30 



35 




wobei R 2 i bis unabhangig voneinander und individual ein Wasserstoffatom, ein Halogenatom, eine C r C 6 - 
Alkylgruppe, eine C r C 6 -Alkoxygruppe, eine substituierte oder nichtsubstituierte Aminogruppe, eine substituierte 
40 oder nichtsubstituierte Arylgruppe oder eine substituierte oder nichtsubstituierte heterozyklische Gruppe darstel- 

len, wobei die substituierte oder nichtsubstituierte Arylgruppe oder die substituierte oder nichtsubstituierte hete- 
rozyklische Gruppe mit dem entsprechenden Benzolring an einer beliebigen Position des Benzolrings kondensiert 
werden konnen; und wobei jedes X und Y ein Wasserstoffatom oder eine substituierte Aminogruppe darstellt, 
wobei von X oder Y mindestens eines eine substituierte Aminogruppe darstellt. 

45 

2. Diaminonaphthalen-Derivat mit der Formel (2): 



55 
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10 



15 




20 



wobei R 1 bis R 30 unabhangig voneinander und individuell ein Wasserstoffatom, ein Halogenatom, eine C^Cq- 
Alkylgruppe, eine C-j-Cg-Alkoxygruppe, eine substituierte Oder nichtsubstituierte Aminogruppe, eine substituierte 
Oder nichtsubstituierte Arylgruppe Oder eine substituierte Oder nichtsubstituierte heterozyklische Gruppe darstel- 
len, wobei die substituierte Oder nichtsubstituierte Arylgruppe oder die substituierte oder nichtsubstituierte hete- 
rozyklische Gruppe mit dem entsprechenden Benzolring an einer beliebigen Position des Benzolrings kondensiert 
werden konnen. 

3. Organisches Elektrolumineszenz-Bauelement mit dem in Anspruch 1 beschriebenen Diaminonaphthalen-Derivat, 

4. Organisches Elektrolumineszenz-Bauelement mit einer Lochertransportschicht, wobei die Lochertransportschicht 
das in Anspruch 1 beschriebene Diaminonaphthalen-Derivat enthalt. 

5. Organisches Elektrolumineszenz-Bauelement mit einer Lumineszenzschicht, wobei die Lumineszenzschicht das 
in Anspruch 1 beschriebene Diaminonaphthalen-Derivat enthalt. 

6. Organisches Elektrolumineszenz-Bauelement mit einer Locherinjektionsschicht, wobei die Locherinjektions- 
schicht das in Anspruch 1 beschriebene Diaminonaphthalen-Derivat enthalt. 

40 7. Organisches Elektrolumineszenzmaterial, das aus dem in Anspruch 1 beschriebenen Diaminonaphthalen-Derivat 
besteht. 

8. Lochertransportmaterial, das aus dem in Anspruch 1 beschriebenen Diaminonaphthalen-Derivat besteht. 
Revendications 

1 . D6rive de diaminonaphtalene de la formule (1): 



25 



30 



35 



45 
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dans laquelle R 21 a represented independamment et individuellement un atome d'hydrogene, un atome 
d'halogene, un groupe alkyle C 1 -C 6 , un groupe alkoxy C r C 6 , un groupe amino substitue ou non substitue, un 
groupe aryle substitue ou non substitue ou un groupe heterocyclique substitue ou non substitue, le groupe aryie 
substitue ou non substitue ou le groupe heterocyclique substitue ou non substitue peut etre condense avec I'an- 
neau benzenique correspondant a une position arbitraire de i'anneau benzenique; et chaque X et Y represente 
un atome d'hydrogene ou un groupe amino substitue, ou au moins un parmi X ou Y represente un groupe amino 
substitue. 

Derive de diaminonaphtalene de ia formule (2): 




dans laquelle a R 30 represented independamment et individuellement un atome d'hydrogene, un atome 
d'halogene, un groupe alkyle C.,-C 6 , un groupe alkoxy C r C 6> un groupe amino substitue ou non substitue, un 
groupe aryle substitue ou non substitue ou un groupe heterocyclique substitue ou non substitue, le groupe aryle 
substitue ou non substitue ou le groupe heterocyclique substitue ou non substitue peut etre condense avec I'an- 
neau benzenique correspondant a une position arbitraire de I'anneau benzenique. 

Dispositif organique electroluminescent comprenant le derive de diaminonaphtalene suivant ia revendication 1 . 
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Dispositif organique Electroluminescent comprenant une couche de transport de trous, dans lequel la couche de 
transport de trous contlent le dErivE de diaminonaphtalEne suivant la revendication 1 . 

Dispositif organique Electroluminescent comprenant une couche de luminescence, dans laquelle la couche de 
luminescence contient le dErivE de diaminonaphtalEne suivant la revendication 1 . 

Dispositif organique Electroluminescent comprenant une couche d'injection de trous, dans lequel la couche d'in- 
jection de trous contient le dErivE de diaminonaphtalEne suivant la revendication 1 . 

MatiEre organique Electroluminescence formEe du dErivE de diaminonaphtalEne suivant la revendication 1 . 

MatiEre de transport de trous formEe du dErivEe de diaminonaphtalEne suivant la revendication 1 . 
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